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(57) Abstract 

A microprocessor system has a clock 
(14, 12) for generating a variable clock fre- 
quency. There is a process table (19) contain- 
ing information of processes of the micropro- 
cessor system where the information of each 
process comprises a specific process load in- 
formation. A clock frequency is calculated 
from the specific process load information of 
the processes called and stopped. The clock is 
controlled to generate a clock frequency cor- 
responding to the calculated clock frequency, 
thereby reducing the power drain requirement 
to a minimum value required for the processes 
called. 
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METHOD TO CONTROL A COMPUTER HAVING AN ADJUSTABLE 
CLOCK GENERATOR AND A MICROPROCESSOR SYSTEM 



5 Field of the Invention 

The present invention relates to a computer system having an 
adjustable clock generator and to a method to control such a computer 
system. 

10 

Background of the Invention 

The clock frequency in common microprocessor designs is a fixed 
value determined by the maximum CPU load. The CPU load over time 

15 varies in typical applications and it is only during times of high CPU load 
the maximum clock frequency is necessary. At other times, the high clock 
frequency consumes an unnecessary amount of power. 

In the prior art, GB2246455 shows a microprocessor to which the 
clock frequency is chosen by a switch. The control of the switch is activated 

20 by a hardware interrupt. A problem with this design is that after the 

interrupt has occurred the clock frequency is fixed, independently of the 
needed CPU load of the interrupt routine. 

Summary of the Invention 

25 

According to the invention a method to control a computer having an 
adjustable clock generator is provided comprising the steps of: providing a 
process table in memory, said table including respective process load 
information corresponding to respective processes; and placing the 

30 computer in an operational controlling mode which comprises the steps of: 
selecting at least one process for operation; and calculating a clock 
frequency from the process load information for the at least one selected 
process in the process table; and controlling the adjustable clock generator 
to correspond to the calculated clock frequency. 

35 In this manner, the clock frequency and hence the power drain of 

the computer is reduced to a minimum value required for the processes 
called at a given time. Great flexibility is possible in adapting the clock 
frequency to the processing load at any given time. 
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A preferred embodiment of the invention will now be described, by 
way of example only, with reference to the accompanying drawings. 

Brief Description of the Drawings 

5 

Fig. 1 shows a microprocessor system according to an embodiment of 
the invention. 

Fig. 2 shows a phase locked loop for a microprocessor system 
according to an embodiment of the invention. 

10 

Detailed Description of the Preferred Embodiment 

In Fig. 1, a microprocessor system 10 is shown. The microprocessor 
system comprises central processing unit (CPU) 11, which may, for 

15 example, be a Motorola 68040. The system also comprises a phase lock loop 
(PLL) 12, memory 13 (including at least read only memory) and an external 
clock 14. The external clock 14 provides a clock signal to the PLL 12, which 
in turn provides a controlled clock signal 15 to a clock input 16 of the CPU 
11. The CPU 11 has a PLL adjust output 17 comprising four data line fed to 

20 a controllable counter in the PLL 12. This signal allows the frequency of 
the output 15 of the PLL to be synthesised according to the status of the PLL 
adjust signal 17. The CPU 11 additionally has memory 18 including a 
scheduler. 

The memory 13 includes process code of processes to be operated by 
25 the CPU and also includes a process table 19 having memory locations for 
storing the on/off status of a particular process, the process name of that 
process and a specified process load factor described below. The processes 
themselves are stored in memory 13 and illustrated as being located at 
memory locations 20, 21 and 22 etc. 
30 In the illustration, the scheduler is stored in the CPU 11 and the 

processes and the process table are stored in memory 13, but it should be 
understood that the physical memory locations of these various elements 
are irrelevant. 

The operation of the microprocessor system is separated in processes 
35 A, B and C stored at locations 20, 21 and 22. These processes can be queued 
up and run sequentially, one at a time, from start to end, or the processes 
may be identified as tasks in a multi-task operational mode where each 
task only occupies the CPU for a short period of time. In both cases, the 
scheduler 18 controls which process or task is to be run. The scheduler 
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may be part of the operating system of the computer. To enable the 
scheduler to keep track of the processes, these are listed in the process table 
19 stored in the memory 13. Each process is identified by the process name, 
which could, for example, be the start address to the process or the address 
5 from where the process is to continue next time it is run. For each process, 
a process active status is stored. This status indicates whether the process 
is active and should be run next time the scheduler allocates time for the 
process (shown as 'on' in Fig. 1) or if the process is inactive and should not 
be run (shown as 'off in Fig. 1). This status information may be changed 

10 by the scheduler or by any process. 

The CPU load over time varies in typical applications from very low 
loads, for example 5% load when waiting for an event, to very high loads, 
for example 95% load when computing a complex algorithm. The same 
applies for processes. The needed CPU load may differ from one process to 

15 another and is dependent on the task or the process. 

Each process is allocated a specific process load, illustrated in the 
right-hand column in process table 19, which corresponds to an anticipated 
load of the process. For example, the anticipated load may be expressed as 
a factor which indicates a predetermined load, not dependent on the actual 

20 running conditions. The specific process load for each process is stored in 
the process table 19. 

The CPU is repetitively placed in an operational controlling mode, 
which gives a corresponding command to the scheduler 18. The scheduler 
selects one of the processes listed as active in the process table 19. Before 

25 the selected process is called the scheduler calculates the clock frequency 
from the specific process load of the selected process. The scheduler 
commands the PLL circuit 12 by the aid of the PLL adjust status to generate 
a clock frequency corresponding to the calculated clock frequency. 

In the example described above a single process is called up by the 

30 scheduler 18 and that process determines the selected CPU clock 

frequency. Thus, a very demanding process causes the selection of a high 
clock frequency whereas a less demanding process selects a lower clock 
frequency, thereby reducing the power drain requirement on the power 
source (not shown). Whether a process is demanding or less demanding 

35 depends on many factors, for example on predetermined rate of processing 
of data or upon predetermined time of requirement of data output. The 
specific process load programmed in the process table 19 is pre-selected to 
take into account these factors. 
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As an alternative example to the example of running individual 
processes, two or more processes may run simultaneously. In these 
circumstances, the clock frequency may be determined by the maximum 
load factor for all the active processes. Alternatively, it may be determined 
5 by the sum of the load factors of the various processes. The choice of these 
and other alternatives depends upon the nature of interaction of the various 
processes. 

Referring to Fig. 2, details of the PLL circuit 12 are shown. The 
circuit comprises an external clock input 30, a divider 31, a phase 

10 comparator 32, a filter 33, a voltage controlled oscillator (VCO 34), a second 
divider 35 and a third divider 36. The first divider 31 has a control input 40 
and the second divider 36 has a control input 41. In operation, the first 
divider 31 receives the external clock signal from clock 14 and forms a 
coarse division depending upon a division factor received on input 40 

15 (which is a four-bit wide input). The resulting divided signal is compared 
in phase comparator 32 with the output of third divider 36. The phase 
comparison is filtered in filter 33 and control VCO 34 to provide a variable 
clock signal on output 15. This clock signal is divided by four in second 
divider 35 and divided again in adjustable divider 36, which also receives a 

20 four-bit wide control signal from CPU 11. It will be appreciated that the 

output 15 has a frequency which is a multiple of the output from divider 31, 
that multiple being equal to the multiple of division factors of divider 
circuits 35 and 36. 

The necessary performance of the CPU is adapted to the current load 

25 dynamically. The clock frequency and, by that the CPU performance, is 
reduced to a value that matches the CPU load. The reduction of the clock 
frequency reduces the power consumption of the system. 

It should be understood that the PLL circuit 12 and/or the memory 13 
shown in Fig. 1 may be integrated together with the CPU 11. 

30 Thus, it has been described how the processes stored in memory 

locations 20, 21 and 22, which are called up in an operation mode (phase) of 
the CPU 11, are called and stopped depending on a status information item 
present for each process in the process table 19. The process load 
information of only the call process for one of the call processes is used to 

35 calculated the clock frequency while process load information for processes 
not called is not used to calculate the clock frequency. 

While not shown in the process table 19 in Fig. 1, the information 
corresponding to each process in the process table comprises a start 
address for the process, identifying the start of the relevant memory 
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location 20, 21 or 22. The table includes (as shown) process active status 
information, that is to say at least and on/off status indicator. When the 
scheduler 18 calls a process, The CPU 13 causes the process active status in 
the table to change from off to on and when the scheduler 18 stops the 
5 process the CPU 11 causes the process active status to change from on to 
off. 

In the case of a base station controller having no cooling fan, with a 
45 W transmitter located in the same housing, a reduction in CPU 
temperature from 100° to 90°C was achieved using an arrangement in 
10 accordance with the present invention. 
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CLAIMS 

1. A method to control a computer having an adjustable clock generator 
(12) comprising the steps of: 

5 providing a process table (19) in memory, said table including 

respective process load information corresponding to respective processes; 
and 

placing the computer (11) in an operational controlling phase which 
comprises the steps of: 
10 selecting at least one process for operation (A, B, C); and 

calculating a clock frequency from the process load 
information for the at least one selected process in the process table; and 

controlling the adjustable clock generator (12) to correspond to 
the calculated clock frequency. 

15 

2. A method to control a computer according to claim 1 wherein in the 
operational controlling phase processes are called and stopped depending 
on an active status information present for each process in the process 
table and the process load information of only the called processes is used to 

20 calculate the clock frequency. 

3. A method to control a computer according to claim 1 wherein the 
processes of the process table are tasks of a multi-task system. 

25 4. A method to control a computer according to claim 1 wherein the 
adjustable clock generator (12) is a phase locked loop comprising at least 
one controllable counter (31, 36) to adjust the output frequency of the phase 
locked loop. 

30 5. A microprocessor system comprising: 

a microprocessor (11) having a clock input (16); and 

a clock (14, 12) for generating a variable clock frequency, said clock 

having an output (15) connected to the clock input of the microprocessor; 

and 

35 means (13) to hold a process table (19) containing information of 

processes of the microprocessor system where the information of each 
process comprises a specific process load information; and 
means (18) to call and stop processes; and 
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means (11) to calculate a clock frequency from the specific process 
load information of the processes called and stopped; and 

means (17) to control the clock to generate a clock frequency 
corresponding to the calculated clock frequency. 

5 

6. A microprocessor system according to claim 5 wherein the 
information corresponding to each process in the process table comprises: 

a start address of the process; and 
a process active status information. 

10 

7. A microprocessor system according to claim 6 wherein the means to 
call and stop processes comprises means to alter the active status 
information in the process table. 



15 8. A microprocessor system according to claim 5, wherein the means to 
generate the clock frequency is a phase locked loop (12) comprising at least 
one controllable counter (31, 36) to adjust the output frequency of the phase 
locked loop. 



20 9. A microprocessor system according to claim 5 wherein the process 
load information comprises a predetermined load factor for each process 
and the clock frequency is calculated based upon the sum of process load 
factors for all active processes. 
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